The importance of aromatic compounds continues to inspire the development of general methods for the regioselective construction of benzenes. Traditionally, this has been accomplished by regioselective introduction of substituents onto a preexisting aromatic ring. 1 Transition metal-mediated reactions, such as [2 + 2 + 2] cyclotrimerization of alkynes and [4 + 2] benzannulations of enynes, for the de novo synthesis of aromatic compounds offer powerful alternatives. 2 Additionally, metal-promoted versions of the Bergman cyclization of endiynes have also been investigated. 3 On the other hand, transition metal catalysis of the related MyersSaito cyclization of enyne allenes has received considerably less attention. 4 We hypothesized that this rearrangement might be catalyzed by transition metal-promoted alkyne activation; however, the utility of this reaction is contingent on an efficient synthesis of the enyne allene precursor. Therefore, we envisioned the development of a catalytic Myers-Saito cyclization for the synthesis of aryl ketones (3) in which the required enyne allenes (2) are prepared in situ through a metal-catalyzed sigmatropic rearrangement (eq 1).
In light of our recent success employing Ph 3 PAuCl with AgSbF 6 in methylene chloride for carbon-carbon bond formation, 5 we chose this catalyst system in preliminary studies of the proposed tandem reaction (Table 1) . Treatment of propargyl acetate 4 with 5% cationic triphenylphosphinegold(I) afforded the desired naphthyl ketone 5a in 25% yield (entry 1). 6 A control experiment employing only 5% AgSbF 6 as the sole catalyst in methylene chloride only produced a small amount of the desired naphthyl ketone 5a after 11 h at room temperature (entry 2). 7 Given the presence of triphenylphosphine in the gold-catalyzed reaction, an additional control experiment using 4% PPh 3 and 10% AgSbF 6 was conducted. We were surprised to find that under these conditions the desired ketone was isolated in 70% yield (entry 3). 8 We hypothesized that the silver catalyst was being consumed by the acetic acid generated during the course of the reaction. Therefore, addition of MgO, as an acid scavenger, further improved the yield of the Ag(I)-catalyzed reaction to 84% (entry 4). 9 In sharp contrast, the silver catalyst proved ineffective for the rearrangement of pivaloate 4b (entry 6). Thus, a second catalyst system, employing cationic tri-tert-butylphosphinegold(I) in methylene chloride/acetonitrile, was developed and afforded the desired diaryl ketone 5b in 71% yield (entry 9).
In view of the low cost and simplicity of silver salts, we first set out to define the scope of the silver(I)-catalyzed aromatic ketone synthesis (Table 2 ). Using only 5 mol % of AgSbF 6 with 2 mol % of PPh 3 in CH 2 Cl 2 , propargyl pivaloates 6a-j cleanly afforded products 7a-j after 11 h at room temperature. The yields remain good to high with electron-withdrawing (entry 3) and electrondonating (entry 5) substituents on the starting aromatic ring. Both terminal (entries 1, 8, and 9) and internal alkynes participated in the Ag(I)-catalyzed tandem cyclization, allowing the preparation of 2-substituted naphthyl ketones and aldehydes. Notably, the Ag(I)-catalyzed tandem reaction proceeded smoothly with substrates containing a cyclopropyl ring (entry 7) and an additional alkynyl group (entry 10). Notably, the regioselectivity of this reaction is complementary to the reported Lewis acid-catalyzed naphthyl ketone synthesis. 6d-f
The silver-catalyzed reaction also allows for the synthesis of more complex aromatic systems. For example pivolate 8 underwent Ag(I)-catalysis to furnish binaphthyl ketone 9 in 66% yield (eq 2). 10 Additionally substituted anthracene 11 was prepared in 40% yield through a silver-catalyzed double cyclization of diester 10 (eq 3). In many cases the silver-catalyzed naphthyl ketone synthesis proceeded as well or better than the analogous gold(I)-catalyzed reaction. For example, the conversion from 6f to 7f (entry 6) was catalyzed by 5% cationic triphenylphosphinegold(I) to afford 7f in 48% yield; however, all attempts at silver-catalyzed rearrangement of pyrrole 12 and enediyne 14 failed to produce the desired aromatic ketones. In these cases, the analogous tri-tertbutylphosphinegold(I)-catalyzed reactions delivered indole 11 13 and acetophenone 15 in 58 and 55% yield, respectively (eqs 4, 5).
Notably, there is no preexisting aromatic ring required for the latter transformation.
A mechanism involving sequential rearrangements promoted by transition-metal activation of the alkynes is envisioned (Scheme 1). 12 First, coordination of the metal to the propargyl ester produces enyne allene through a [3,3]-sigmatropic rearrangement (Cycle A). Activation of the remaining alkyne induces 6-endo-dig addition of the allenyl acetate (Cycle B). 13 In accord with this hypothesis, enyne allene 16 could be isolated from the silver-catalyzed reaction of 6f (eq 6). Resubjecting 16 to the reaction conditions afforded expected naphthyl ketone 7f in 94% yield (eq 6).
In conclusion, we have developed a transition metal-catalyzed tandem [3,3]-sigmatropic rearrangement/formal Myers-Saito cyclization of propargyl esters to form aromatic ketones. A mechanism in which the metal catalyzes both of these processes through alkyne activation is proposed. Both simple Ag(I) and Au(I) are effective catalysts for this air-and moisture-tolerant transformation that is characterized by mild conditions and excellent functional group tolerance.
